Phosphorylation of bovine adrenodoxin. Structural study and enzymatic activity.
Adrenodoxin is an iron-sulfur protein which functions as a carrier of reducing equivalents in steroid hydroxylation reactions catalyzed by specific cytochromes P-450 in steroidogenic tissues such as adrenal cortex. Purified bovine adrenocortical adrenodoxin was shown to be selectively phosphorylated upon incubation with purified cAMP-dependent protein kinase, whereas other protein kinases were ineffective. The phosphorylation reaction was completed within 45 min at 30 degrees C and resulted in the optimal incorporation of 1 mol phosphate/mol adrenodoxin. Apoadrenodoxin, lacking the iron-sulfur cluster, was also phosphorylated under similar conditions. An apparent Km of 55 microM with a Vmax of 0.3 pmol 32P incorporated min-1 mg adrenodoxin-1 was calculated. Phosphorylation resulted in a striking change in several molecular properties of adrenodoxin, such as electrophoretic behavior and hydroxyapatite affinity, thus providing the possibility of clearly separating phosphorylated from unphosphorylated adrenodoxin. In addition, phosphoadrenodoxin became refractory to mild trypsin degradation, whereas this was not the case with apoadrenodoxin. The phosphorylated site of adrenodoxin was identified as a serine residue; study of peptide products resulting from CNBr and proteolytic cleavages of phosphoadrenodoxin suggested that Ser-88 was the target of the phosphorylation reaction. The influence of phosphorylation upon adrenodoxin activity was examined using cholesterol side-chain cleavage and 11 beta-hydroxylase (11 beta) systems, reconstituted from purified components. Phosphorylation of adrenodoxin resulted in an average twofold decrease in its Km values for the two specific cytochromes P-450 involved. This effect was paralleled by a positive relationship between the degree of adrenodoxin phosphorylation and its ability to support the overall activity of reconstituted side-chain cleavage and 11 beta-hydroxylase systems. Although it remains to be examined whether adrenodoxin is phosphorylated in the intact cell, the present observations suggest that it represents a potential target in the hormonal regulation of the adrenocortical differentiated functions, especially by stimulatory agents acting through a cyclic-AMP-dependent mechanism, such as adrenocorticotropin.